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(54) Rotation shaft seal

(57) A rotation shaft seal disposed between a hous-
ing (31) and a rotation shaft (32), and provided with a
seal member of rubber (5) having a lip end portion (13)
which extends as to diminish in diameter to a fluid stor-
ing chamber (33) side, wherein the lip end portion (13)
has a contact portion (21) which contacts a surface of

the rotation shaft (32) and an end face (22) which is fac-
ing the rotation shaft (32), and a concave portion (25),
generating a component of force in diameter direction
to raise the lip end portion (13) outward in the diameter
direction when receiving pressure in the fluid storing
chamber (33), is formed on the end face (22).
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Description

[0001] This invention relates to a rotation shaft seal,
especially, a rotation shaft seal used for sealing high
pressure fluid such as gas.
[0002] Conventionally, a rotation shaft seal of this
kind, as shown in Figure 6, is provided with a seal mem-
ber 43 of rubber which is disposed between a housing
41 and a rotation shaft 42 and having a lip end portion
44 extending to a fluid storing chamber 47 as to diminish
in diameter. The lip end portion 44 has a contact portion
46 which contacts a peripheral face of the rotation shaft
42 and an end face 45 facing the rotation shaft 42 with
an acute angle θ. The contact portion 46 and the end
face 45 of the lip end portion 44, having configurations
smoothly changing from a round convex to a straight
line, are widely used.
[0003] As shown in Figure 6, when the pressure of the
fluid sealed in the fluid storing chamber 47 is high, con-
tact pressure of the contact portion 46 of the lip end por-
tion 44 on the rotation shaft 42 becomes high. And,
when the rotation frequency of the rotation shaft 42 is
high, sealing ability is decreased because the contact
portion 46 is rapidly abraded by friction on the rotation
shaft 42.
[0004] It is therefore an object of the present invention
to provide a rotation shaft seal having high durability in
which the abrasion of the contact portion of the seal
member for sealing is reduced even if the pressure of
the sealed fluid is high.
[0005] This object is solved according to the present
invention by rotation shaft seal including the features of
claim 1. Furthermore detailed embodiments are de-
scribed in the dependent claim 2, 3, 4, 5, 6, and 7.
[0006] The present invention will be described with
reference to the accompanying drawings in which:

Figure 1 is a cross-sectional side view showing a
preferred embodiment of a rotation shaft seal of the
present invention;
Figure 2 is an enlarged cross-sectional view of a
principal portion of the rotation shaft seal;
Figure 3 is an enlarged cross-sectional view show-
ing another embodiment of the rotation shaft seal
of the present invention;
Figure 4 is an explanatory view showing pressure
distribution on a contact portion of a conventional
rotation shaft seal;
Figure 5 is an explanatory view showing pressure
distribution on a contact portion of the rotation shaft
seal of the present invention; and
Figure 6 is a cross-sectional side view of the con-
ventional rotation shaft seal.

[0007] Preferred embodiments of the present inven-
tion will now be described with reference to the accom-
panying drawings.
[0008] Figure 1 shows a rotation shaft seal relating to

the present invention, which is used, for example, for a
compressor of air conditioner for automobiles in which
a high pressure cooling medium (such as CO2) works
on a fluid storing chamber 33 side. This rotation shaft
seal is disposed between a housing 31 (on its inner pe-
ripheral face) such as a case of the compressor and a
rotation shaft 32 (on its peripheral face) to seal fluid such
as high pressure cooling medium.
[0009] In Figure 1, a half of the cross section of the
rotation shaft seal is shown, and the rotation shaft 32
and the housing 31 are shown with two-dot broken lines.
And, the configuration of the rotation shaft seal shown
in Figure 1 is in an unattached state, namely, a free
state, and parts described below are elastically de-
formed when the seal is in an attached state between
the rotation shaft 32 and the housing 31.
[0010] To explain the construction concretely, as
shown in Figure 1, the shaft seal is provided with a seal
member 5 made of rubber fixed to and united with a pe-
ripheral face of a cylinder portion 4 of the outer case 1
of metal having inner brim portions 2 and 3 and both
sides of the inner brim portion 2 on a front side (the fluid
storing chamber 31 side) by adhesion, welding, baking,
etc., and a seal element 7 (of which material is a fluor-
oresin such as PTFE) with a spiral groove 6 on a low-
pressure (atmosphere) side 34, namely, a rear side.
[0011] To describe further in detail, a supporting metal
12 disposed as to hold a back face (rear and inner pe-
ripheral side) of the seal member 5, a first inner case 9,
a washer 10, and a second inner case 11.
[0012] The seal member 5 unitedly fixed to the outer
case 1 is composed of a cylindrical cover portion 5a of
which peripheral face is formed into concavo-convex
wave form (in the free state) to elastically contact an in-
ner peripheral face of the housing 31 for seal working,
an inner brim cover portion 5b of which cross section is
U-shaped covering both sides of the inner brim portion
2 on the front side, and a lip portion 15 protruding from
an inner peripheral side of the inner brim cover portion
5b to the fluid storing chamber 33 side (the front side).
A connecting portion of the inner brim cover portion 5b
on the fluid storing chamber 33 side and the lip portion
15 is arc-shaped as to soften the stress generated by
the fluid pressure (as to make flow of the stress smooth).
[0013] To describe further in detail, as shown in Figure
2, the lip portion 15 of the seal member 5 of rubber has
a short cylinder portion 14 straight in an axis direction
of the rotation shaft 32 and a lip end portion 13 which
extends as to diminish in diameter gradually from the
short cylinder portion 14 to the fluid storing chamber 33
side (high pressure side), namely, incline inward as pro-
ceed forward, and the lip portion 15 has a bent config-
uration in cross section.
[0014] To describe the lip portion 15, a peripheral side
of the lip portion 15 is an outer lip face 24 which is divided
into an end outer lip face 24a and a cylinder outer lip
face 24b on the lip end portion 13 and the short cylinder
portion 14, and an inner peripheral side of the lip portion
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15 is an inner lip face 23 which is divided into an end
inner lip face 23a and a cylinder inner lip face 23b. And,
an end face 22 is formed with a forth end of the end outer
lip face 24a bent with an acute angle, and a contact por-
tion 21 is disposed between the end face 22 and the end
inner lip face 23a. Further, to describe the lip end portion
13, the contact portion 21 (a sealing portion) contacts a
surface (peripheral face) of the rotation shaft 32 to form
a cutting face 19 from the contact portion 21 toward the
fluid storing chamber 33 side with a cutting angle θ1.
Further, the end face 22 is formed as to face (obliquely)
the rotation shaft 32 with an acute angleθ2 from the con-
tact portion 21 (the cutting face 19) on the fluid storing
chamber 33 side. The relationship between the cutting
angleθ1 and the acute angle θ2 is θ1 < θ2, and θ2 < 90° .
And, the contact portion 21 contacts the peripheral face
of the rotation shaft 32 with a narrow area contact in the
attached state (used state) of the rotation shaft seal to
seal the fluid storing chamber 33.
[0015] Although described later in detail, a concave
portion 25 (graved portion) is formed to generate a com-
ponent of force in a diameter direction to raise the lip
end portion 13 in a diameter-expanding direction (a di-
rection toward the housing 31) by receiving the fluid
pressure in the fluid storing chamber 33. The concave
portion 25, formed circular on the end face 22 as a small
concave groove, can be easily formed with a mold when
the seal member 5 is formed. The concave portion 25,
other than an arc cross-sectional configuration as
shown in Figure 2, may be formed into a configuration
of bent-straight line (triangle notch) as shown in Figure
3. And, although not shown in Figures, the concave por-
tion 25, composed as to have a pressure-receiving face
toward the housing 31 (opposite to the rotation shaft),
may be formed as a notched groove (a concave groove)
formed on an inner side of an end face of a conventional
configuration with a convex ridge on an outer side of the
conventional configuration. The concave portion 25 may
be formed continuously as a circular groove or uncon-
tinuously in a peripheral direction.
[0016] Then, when the pressure of the fluid in the fluid
storing chamber 33 works on the concave portion 25
which is disposed on the cutting face 19 and the end
face 22 formed as to face the peripheral face of the ro-
tation shaft 32 with the acute angleθ2, the pressure-re-
ceiving face is formed in the concave portion 25 toward
the housing 31, the component in diameter direction
works to raise the lip end portion 13 (the component
works in a direction parting from the rotation shaft 32)
by function of outer force (vector) in the arrow A direction
in Figure 2 (and Figure 3), and pressure on the contact
portion 21 with the rotation shaft 32 is reduced. In this
case, of course, the pressure generation is only reduced
as the contact portion 21 does not leave the rotation
shaft 32.
[0017] And, the contact portion 21 of the lip end por-
tion 13 or near part of the contact portion 21, namely,
from a middle portion of the end inner lip face 23a to an

end of the concave portion 25, is formed into a protrud-
ing arc. In Figure 2, the protruding arc portion is near a
back face of the contact portion 21. The radius of cur-
vature of the arc is preferably large to improve lubrica-
tion with the rotation shaft 32. And, lubrication between
the contact portion 21 and the rotation shaft 32 can be
improved by setting the cutting angle θ1 (acute angle)
of the cutting face 19 shown in Figure 2 small.
[0018] Next, as shown in Figure 1, the supporting met-
al 12 is approximately L-shaped in cross section to sup-
port the rear side wall portion or inner periphery of the
inner brim cover portion 5b of the seal member 5, and
the lip end portion 13 to its middle portion. The first inner
case 9 of approximately L-shaped cross section as a
spacer, the washer 10, the seal element 7, the second
inner case 11 as a holding piece of the seal element 7,
are serially disposed behind the supporting metal 12,
and fixed (held) between the front and rear inner brim
portions 2 and 3 by bending the inner brim portion 3 of
the outer case 1 by plastic work.
[0019] To describe the supporting metal 12 further, the
supporting metal 12 is playing a role (function or work-
ing) as a gas shielding member and a role (function or
working) to prevent the sealed fluid from permeating by
tightly fitting (touching) the back face (rear face or inner
face) of the seal member 5 in the whole area except near
the contact portion 21 of the seal member 5 in Figure 1.
That is to say, the role (function or working) of the sup-
porting metal 12 as the gas shielding member becomes
important when a cooling medium gas having relatively
high permeability to rubber, such as CO2 gas is used as
the fluid in the fluid storing chamber 31.
[0020] And, a gap S is formed between the seal mem-
ber 5 of rubber and the supporting metal 12 disposed
as to hold the back face of the seal member 5 of rubber.
To describe concretely, the seal member 5 is disposed
as the cylinder inner lip face 23b and the end inner lip
face 23a, to its middle portion, have the gap S with the
supporting metal 12, and the supporting metal 12 con-
tacts the lip end portion 13 (the end inner lip face 23a)
on the contact point 17 on the front peripheral side of
the supporting metal 12. The lip end portion 13 may be
parted from the front peripheral side (the contact point
17) of the supporting metal 12 as not to contact before
pressurized.
[0021] And, as the fluid pressure on the fluid storing
chamber 33 side increases, the lip portion 15 elastically
deforms as mainly the short cylinder portion 14 of the
seal member 5 of rubber intrudes (moves) to the gap S
to eliminate the gas S. The lip end portion 13 is pulled
in a parting direction from the rotation shaft 32 (the di-
rection toward the housing 31) by the intrusion into the
gap S. In other words, the lip end portion 13 is moved
in the parting direction from the rotation shaft 32 on the
contact point 17 as a supporting point.
[0022] The seal member 5 is, considering durability to
cooling media, made of HNBR or EPDM. Hardness of
the seal member 5 is preferably set to be 87 to 96 in JIS
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hardness. With this hardness, the displacement function
by the gap S is made effective, and sealability is se-
cured. (When the JIS hardness is less than 87, defor-
mation is excessive. On the contrary, when the hard-
ness is more than 96, elasticity is insufficient.)
[0023] The area of the protruding arc of large radius
of curvature on the lip end portion 13 is at least an area
from the contact portion 21 to the contact point 17 near
the back face (rear side) of the contact portion 21.
[0024] Next, distribution of contact pressure with the
rotation shaft 42 in the conventional rotation shaft seal
is shown in Figure 4. In Figure 4, remarkably high pres-
sure (peak) P is on a position of the contact portion 46
of the lip end portion 44 corresponding to an arc corner
in unattached state, and high pressure B is also gener-
ated on the rear side to the pressure P.
[0025] And, an outer shape of the seal member 43 be-
fore the deformation (before the pressurization) is
shown with a two-dot broken line. The seal member 43
is greatly displaced to the rotation shaft 42 side on the
lip end portion 44 after the pressurization as shown with
a continuous line. That is to say, when the fluid pressure
generated in the fluid storing chamber 47 becomes high,
the high peak pressure P is generated on the contact
portion 46 by the great deformation of the lip end portion
44 toward the rotation shaft 42 side. Therefore, sealing
ability may be gradually reduced because the lip end
portion is severely abraded especially by the peak pres-
sure P.
[0026] Next, distribution of contact pressure with the
rotation shaft 32 in the rotation shaft seal of the present
invention is shown in Figure 5. The distribution of the
contact pressure on the contact portion 21 is having no
peak portions and approximately uniform in the whole
area, and generated pressure b can be made small in
comparison with the conventional seal. And, width of the
contact portion 21 (pressing width) is smaller than that
of the conventional seal to form an appropriate interfer-
ence.
[0027] And, an outer shape of the seal member 5 be-
fore the deformation (before the pressurization) is
shown with a two-dot broken line. After the pressuriza-
tion, the short cylinder portion 14 is moved to the gap S,
and the lip end portion 13 is deformed as to be raised
in an expanding (outer) direction without great displace-
ment toward the rotation shaft 32 side. Therefore, the
contact portion 21 does not receive extremely high pres-
sure, the pressure can be made low, and the abrasion
of the contact portion 21 can be reduced even if the ro-
tation shaft 32 rotates at high frequency.
[0028] That is to say, initial pressing force generated
by the elastic deformation of the lip end portion 13 when
the rotation shaft seal is attached, and pressing force
on the lip end portion 13 by the fluid pressure in the fluid
storing chamber 33, work on the rotation shaft 32
through the seal member 5 of rubber. The pressing forc-
es are softened (rubber deformation is made uniform
and stable) even if the fluid pressure is high by the rais-

ing function of the concave portion 25, the displacement
function of the gap S, and the function of the arc-shaped
contact portion 21. The pressure is reduced thereby to
lower sliding resistance to prevent heat generation and
abrasion of the seal member 5. Therefore, the rotation
shaft seal has high sealing ability.
[0029] Returning to Figure 1, with the seal element 7,
even if slight leakage is generated on the seal member
5, the leakage is pushed back to the seal member 5 side
by hydrodynamic effect by the spiral groove 6 and the
fluid does not leak out of the rotation shaft seal when
the rotation shaft 32 rotates.
[0030] And, in the present invention, not restricted to
the embodiments above, although not shown in Figures,
the various components of the invention can be freely
added and omitted as that one more seal element may
be disposed on an outer side to make a double seal, a
rear seal member, having an initial interference approx-
imately 0 for sealing when the rotation shaft is static,
may be disposed on an outer side of the seal element,
or a combination of these two systems may be adopted.
[0031] According to the rotation shaft seal of the
present invention, the contact pressure of the contact
portion 21 of the lip end portion 13 on the rotation shaft
32 is lowered in the used state, in which the pressure in
the fluid storing chamber 33 is increased, to reduce the
abrasion of the contact portion 21. Therefore, the rota-
tion shaft seal having high durability and without leakage
can be constructed.
[0032] And, appropriate sealing state is kept by the
supporting metal 12 to prevent excessive deformation
of the seal element 5, the contact pressure of the contact
portion 21 on the rotation shaft 32 is lowered further in
the used state in which the pressure in the fluid storing
chamber 33 is increased, and the abrasion of the con-
tact portion 21 can be reduced to improve the durability.
[0033] And, the contact portion 21 can uniformly con-
tact the rotation shaft 32, partial abrasion of the contact
portion 21 can be prevented by making the generated
pressure uniform and deformation amount small to en-
hance the sealing ability.
[0034] Further, the contact pressure of the contact
portion 21 against the rotation shaft 32 can be softened
with a simple construction.
[0035] While preferred embodiments of the present
invention have been described in this specification, it is
to be understood that the invention is illustrative and not
restrictive, because various changes are possible within
the spirit and indispensable features.

Claims

1. A rotation shaft seal, provided with a seal member
of rubber (5) having a lip end portion (13) extending
as to diminish in diameter toward a fluid storing
chamber (33) side and having a contact portion (21)
which contact a surface of a rotation shaft (32) and
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an end face (22) facing the rotation shaft (32), and
disposed between a housing (31) and the rotation
shaft (32), comprising a concave portion (25), re-
ceiving pressure in the fluid storing chamber (33) to
generate component of force in diameter direction
to raise the lip end portion (13) in a diameter-ex-
tending direction, and formed on the end face (22).

2. The rotation shaft seal as set forth in claim 1, where-
in a gap (S) is formed between the seal member of
rubber (5) and a supporting metal (12) disposed as
to hold a back face of the seal member of rubber
(5), the seal member of rubber (5) is elastically de-
formed as to intrude into the gap (S) as the pressure
on the fluid storing chamber (33) side is increased,
and the lip end portion (13) is pulled in the diameter-
extending direction.

3. The rotation shaft seal as set forth in claim 1 or claim
2, wherein the contact portion (21) of the lip end por-
tion (13) or a near portion to the contact portion (21)
is formed into a protruding arc shape.

4. The rotation shaft seal as set forth in claim 1 or claim
2, wherein a cross-sectional configuration of the
concave portion (25) is arc-shaped.

5. The rotation shaft seal as set forth in claim 3, where-
in a cross-sectional configuration of the concave
portion (25) is arc-shaped.

6. The rotation shaft seal as set forth in claim 1 or claim
2, wherein a cross-sectional configuration of the
concave portion (25) is a bent-straight line.

7. The rotation shaft seal as set forth in claim 3, where-
in a cross-sectional configuration of the concave
portion (25) is a bent-straight line.
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